INTRODUCTION
A critical but unanswered question is what defines each individual's pre-morbid susceptibility to infection? w e propose that individuals must have a n "immune haplotype" that shapes their response to infectious agents. Infection is a balance between the intrinsic virulence of the infectious agent and the host defenses. Recent viral outbreaks of SARS and influenza serve to illustrate this point as these viruses cause severe disease in certain individuals, yet there are others in whom the same infectious challenge results in minimal symptoms. On the other hand it might be that those self same people who are resistance to one particular viral infection might be susceptible to other infection challenges. Similar rules can apply to susceptibility t d bacterial infections.
We hypothesize that individual variations in a set number of genes that regulate both innate and adaptive immune responses might explain this individual variation in response to an infectious challenge. The mannose-binding lectin (MBL) serves as a broad first line host defense molecule and presents an interesting opportunity to explore this hypothesis further. MBL appears to be a prototypic pattern recognition molecule that is able to recognize the molecular patterns that decorate a wide range of microorganisms. ~nfectious agents that are recognized by MBL include certain Gram positive and Gram negative bacteria, yeast, parasites, mycobacteria, and viruses [I-31. The idea that a relative lack of MBL might predispose the host to infection was based on the description of an MBL-dependent opsonic defect in human serum that correlated with a phenotype of recurrent infection 141. These patients were found to have one of three substitution single nucleotide polymorphisms (SNPs) in exon 1 of the MBL gene that disrupt the collagen helix [5]. It appears that the disordered collagen chain acts a dominant negative fasion, resulting in a decrease in circulating levels of MBL that do not activate complement. More detailed analysis of the MBL gene has revealed at least ten distinct MBL haplotypes in humans, four of which (LYPB, LYQC, HYPD and LXPA) dictate low serum levels [6] . Interestingly, there is a high rate of haplotype variation in various human populations with a range of heterozygosity from 15% in Caucasians to 30% in certain African populations [7, 8] .
A basic function of innate immunity is a concerted response by numerous molecules and effector cells that conspire to restrict the initial spread of an infectious focus. First line host defense molecules include antimicrobial peptides, natural antibodies, complement proteins, lipopolysaccharide binding protein (LBP), soluble receptors and collectins [9-111. The collectins are multimeric lectin-containing molecules with collagen stalks that include the pulmonary surfactant proteins-A and -D, conglutinin, CL-43, and MBL [1, Importantly, MBL seems to be able to distinguish species self or altered self from non-self though it is able to recognize dying cells [15] . The specificity that allows the distinction of surfaces of virally infected cells and transformed cells from normal host cells depends on both fine recognition of molecular micro patterns, and on the spatial geometry of macro pattern of these molecules on the surface of the cell. The cognate ligands that are recognized by MBL appears to be dictated by the spatial orientation of the carbohydrate binding domains and the differences in geometry of the sugars that adorn microorganisms versus host glycoproteins exposed on viable cells. MBL is able to activate complement via a novel mechanism that co-opts the mannose-binding lectin associated serine protease (MASP) [16, 17] . There is a family of three related MASP genes, but it is MASP-2 that utilizes the classical pathway convertase to cleave the third complement component (C3) [17] . MBL therefore activates complement in an antibody independent manner. The analogy of MBL to antibodies extends MBL's function as an opsonin [18-201.
MBL NULL MICE ARE HIGHLY SUSCEPTIBLE TO INFECTION WITH STAPHLYOCOCCUS AUREUS
In order to provide formal proof that MBL is indeed important in host defense in vivo, we set out to create a mouse model of MBL deficiency. Humans and new world monkeys have a single MBL gene, whereas rodents have two homologous forms of MBL that are designated MBL-A and MBL-C, the respective gene products of the mbll and mb12 genes, and are 50% homologous [21-231. These two homologues proteins have distinct and overlapping binding specificities, are found predominantly in serum, and are able to bind MASPs to activate complement [23-251. The relative physiological role of these two proteins in vivo has not been clearly defined. In order to address some of these questions, we created MBL-A and MBL-C double KO (MBL null) mice. We verified that the MBL null mice lack MBL in serum and therefore have a nonfunctional MBL complement pathway. We chose to infect these mice with S. aureus, as this organism is a significant cause of human infection worldwide. The emergence of widespread antibiotic resistance to S. aureus poses new therapeutic challenges and so identification of host factors that play a role in resistance to infection with this Gram-positive infection is of great interest. We found that (1) all MBL null mice died two days after i.v. inoculation of S. aureus compared with 55% survival of wild type mice; (2) pretreatment of the mice with recombinant MBL reversed the phenotype; (3) there were significantly more bacteria in the blood of MBL mice compared to wild type mice at 24 hours; (4) the viscera of MBL null mice accumulated significantly more bacteria than wild type mice 24 hours post infection; (5) there was a decrease in phagocytosis of bacteria in blood and peritoneal cavity in MBL null mice. In contrast to intravenous infection, i.p. inoculation of S. aureus did not result in enhanced infectious complications in MBL null mice compared with wild type mice. However, when the MBL mice were rendered neutropenic, these neutropenic MBL null mice displayed enhanced bacterial accumulation in organs and had persistent bacteremia 10 days post inoculation.
CONCLUSIONS
MBL appears to fulfill the criteria as an important host defense molecule against initial infection with S. aureus. The animal data indicate that MBL acts in serum as an opsonin. The effector mechanism appears to be mediated in part by MBL-dependent complement lysis of bacteria and in part, via MBL-dependent phagocytosis by leukocytes. Based on these studies, it is not clear whether MBL dependent clearance of S. aureus is mediated via complement receptors or MBL (collectin) receptors. Unpublished observations from our laboratory indicate that there is indeed an MBL-dependent, complement independent clearance mechanism. What remains an open question is the consequence of MBL dependent clearance versus clearance via complement receptors.
It thus appears that MBL is part of the initial response to infection, which is a complex interaction between a variety of pattern recognition molecules that trigger the downstream physiological cascades of complement, clotting, cytokine, and chemokine release and interface with effectors cells such as neutrophils [26, 27] . Furthermore, the effector action of MBL appears intimately tied to circulating phagocytes. Neutrophils and monocytes express complement receptors, MBL receptors (collectin receptors) [28, 29] and the receptor for lipopolysaccharide binding protein (LBP) [30] . Wright and colleagues linked humoral and cellular interactions and drew attention to the importance of co-operative interactions between neutrophils and opsonins in combating infection [31, 32] . More recent examples have exploited the use of null animals to explore such interactions and are germane to this present study, including the interaction of LBP and neutrophils in resistance to intraperitoneal Salmonella infection [33, 34] . A similar synergistic interaction between neutrophils and MBL is suggested by clinical observations that chemotherapy-induced neutropenic patients with haplotypes that specify low serum MBL levels [14, 35, 36] appear more susceptible to infection [37] . These clinical observations together with in vitro studies suggest that MBL plays a key role as an ante-antibody in first line host defense [38, 39] and supports a role for MBL in combating infection in vivo.
What has not been clearly determined is the role of MBL against a variety of pathogens. Does MBL play a role against other Gram-positive and Gram-negative bacteria, mycobacteria and viruses in vivo? What is the relative role of MBL, complement and antibody in first line host defense? Finally, what is the real selective pressure for MBL haplotypes that specify low levels of MBL in humans? One speculation is that low levels of MBL might be protective against infection with intracellular pathogens like tuberculosis and malaria. While there might be some merit in this suggestion, it seems that it might well be that low MBL levels decrease the activity of the MBL complement pathway, resulting in a response that is less proinflammatory, and therefore less injurious to the host. Accordingly, low MBL levels might be protective against reperfusion injury. Overall, we are entering an exciting new chapter in this saga.
